Background and objectives This study aimed to compare the longitudinal performance of the malnutritioninflammation score (MIS) and the geriatric nutritional risk index (GNRI), two nutritional scores for patients on maintenance hemodialysis.
Introduction
Protein-energy wasting is related to an increased morbidity and mortality in patients receiving maintenance hemodialysis treatment for end stage kidney disease (1, 2) . Simple prediction scores could help identify hemodialysis patients at high risk for protein-energy wasting. Many nutritional screening tools have been developed for general purposes and were further adapted for hemodialysis patients (3-6) for nutritional assessment. The subjective global assessment (SGA) method is a validated clinical tool for screening nutritional risk in hemodialysis patients (5) . Another method, the malnutrition-inflammation score (MIS), was proposed by Kalantar-Zadeh et al. as a nutritional screening tool for hemodialysis patients (7, 8) . MIS has been validated as a better nutritional indicator than SGA (7) and was reported to correlate with morbidity, mortality, various nutritional variables, inflammation (7, 8) , quality of life (9) , anemia, and erythropoietin hyporesponsiveness in hemodialysis patient maintenance (10) . Still, MIS is based on the SGA and therefore requires a subjective assessment. There are, however, some simple fully objective nutritional screening scores that can be used in hemodialysis patients for nutritional risk assessment (6, (11) (12) (13) . Of the objective nutritional assessments, the geriatric nutritional risk index (GNRI) is recommended as the simplest and most accurate risk index. It was compared with the MIS (6) and was validated as a significant predictor of mortality in a study on Japanese chronic hemodialysis patients (11) .
Reports were published on the reliability and concurrent validity for the cross-sectional assessment of the nutritional status of hemodialysis patients by both MIS (7) (8) (9) and GNRI (6, 11) . To the best of our knowledge, no longitudinal performance of most of the nutritional scores was investigated in hemodialysis patients. In studying the comparative longitudinal validity of different scoring systems, we focused mainly on MIS because it is the most validated nutritional score and on GNRI as on the simplest fully objective score. We examined the longitudinal performance of these scoring systems to determine how the changes over time in MIS and GNRI reflect the changes in the nutritional parameters burden in prevalent hemodialysis patients.
Materials and Methods

Patients
This prospective observational study was approved by the Ethics Committee of Assaf Harofeh Medical Center (affiliated with the Sackler Faculty of Medicine, Tel Aviv University, Zerifin, Israel). Informed consent was obtained before conducting any of the trial-related activities. Patients were eligible for this study if they had been on hemodialysis therapy for at least 3 months and were aged $18 years. A flow chart of the study is presented in Figure 1 . This study included 75 patients (43 men and 32 women) with a mean age of 64.8611.9 years, who were receiving maintenance hemodialysis treatment at our outpatient hemodialysis clinic and were recruited from January through December 2006. Baseline study measurements were performed at enrollment and the other measurements were taken at 6, 12, and 18 months from enrollment. In addition, intraobserver and interobserver agreement were assessed for nutritional scores (MIS and GNRI) at baseline measurements. To calculate interobserver error for both scores studied, the patients underwent simultaneous assessment of MIS and GNRI (in a fixed order, first MIS and then GNRI) calculated by two examiners independently (A.A. and H.K.). The intraobserver variability of both nutritional scores was assessed by a blinded re-evaluation by each observer within an interval of 7-10 days between the examinations. All of the following longitudinal measurements were performed by the same observer (A.A.) blinded to any information about disease status and nutritional management of the patients throughout the study period. After finishing the longitudinal measurements, we continued clinical observation on our cohort during 2 additional years. Thus, the total study period extended 46.8616.4 months (interquartile range, 33.0-61.0 months). During this period, 26 patients (34.7%) died (the main causes of death were cardiovascular [12 of 26 patients; 46 .2%] and sepsis [10 of 26 patients; 38.5%]), 7 patients (9.3%) underwent kidney transplants, and 6 patients (8%) transferred to other hemodialysis units. Thus, 13 patients were removed from the study from the time of their transplantation or from when they transferred to another hemodialysis unit. All patients underwent regular dialysis (80.0% of patients had an arteriovenous fistula) for 4-5 hours three times per week.
Every study participant received nutritional counseling based on an individualized plan of care updated every 3 months. Individuals who were unable to meet their protein and energy requirements with food intake, according to Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines, received nutrition support including oral nutritional supplements (according to accepted standards of care in our institution).
MIS
The MIS has been described in detail in several previous studies (7, 8) . It consists of 4 sections-including medical history (change in dry weight, dietary intake, gastrointestinal symptoms, functional capacity, and comorbidity), physical examination, body mass index (BMI), and laboratory values-and 10 components. Each MIS component has four levels of severity from 0 (normal) to 3 (very severe). The sum of all 10 components results in an overall score ranging from 0 (normal) to 30 (severely malnourished).
GNRI
The GNRI was calculated from the patient's serum albumin and body weight by using the equation developed Ideal weight in this study was calculated from the Lorentz equations for men and women differently, as in the original GNRI equation (4) . Recently, GNRI ,90 was demonstrated as an indicator of poor nutritional status and as a significant predictor of mortality in 490 Japanese chronic hemodialysis patients (11) .
Hospitalization
Hospitalization data were obtained for all 75 hemodialysis patients. Hospitalization was defined as any hospital admission that included at least one overnight stay in the hospital. The sum of all hospitalization days of a given patient during the study period was defined as the hospitalization days. The hospitalization frequency was the total number of hospital admissions. The access-related hospitalizations were not included in hospitalization data.
Dietary Intake
A continuous 3-day dietary history (including a dialysis day, a weekend day, and a nondialysis day) was recorded in a self-completed food diary. The methods used for collecting the dietary recalls were the same as those recently described by Bross et al. (14) . Dietary energy and protein intake were calculated and normalized for adjusted body weight as accepted (15) .
Dietary protein intake was also estimated by calculating normalized protein nitrogen appearance (nPNA) from the patient's urea generation rate by using urea kinetics modeling, the single-pool model (16) .
Anthropometric Measurements
BMI, triceps skinfold thickness, mid-arm circumference, and calculated mid-arm muscle circumference (MAMC) were measured for the anthropometric variables. The midweek, postdialysis weight was used for evaluation of BMI according to KDOQI guideline recommendations. MAMC was estimated as follows:
MAMCðcmÞ ¼ mid arm circumference ðcmÞ 2 0:314 3 TSF ðmmÞ:
TSF indicates triceps skinfold thickness. MAMC was recently validated as a correlate of lean body mass and associated with survival advantage in hemodialysis patients, especially in those with lower BMI (17) .
Body Composition Analyses
Body composition was determined by body impedance analysis (BIA) (NutriGuard-M; Data-Input, Frankfurt, Germany). On the day of blood collection, patients underwent a BIA measurement at approximately 30 minutes postdialysis. BIA electrodes were placed on the same body side used for anthropometric measurements. The multifrequency technique was used. BIA was recently validated as reliable test for the estimation of total body fat percentage in maintenance hemodialysis patients (18) . Fat free mass was calculated by using the approach of Kyle et al. (19) .
Laboratory Evaluation
Blood samples were taken from nonfasting individuals before a midweek hemodialysis session. Complete blood count, creatinine, urea, albumin, transferrin, and total cholesterol were measured by routine laboratory methods. IL-6 levels were measured in plasma samples using commercially available ELISA kits (R&D Systems, Minneapolis, MN) according to the manufacturer's protocol.
Statistical Analyses
Data are expressed as mean 6 SD, median and interquartile range (Q1 to Q3) for variables that did not follow a normal distribution, or frequencies for categorical variables. To assess agreement between the two examiners on the basis of MIS and GNRI, as well as to assess for an intraobserver agreement, we calculated the percentage of agreement between measurements and weighted k, using linear weights. A weighted k score was determined by using the result of the weighted agreement and weighted expected agreement (20) .
Correlations were assessed using Pearson correlation coefficients or Spearman rank order correlation coefficients, in the cases of skewed distribution of data.
Repeated-measures ANOVA was performed by using the mixed model. Base models were adjusted for age, sex, diabetes status, dialysis vintage, and history of cardiovascular diseases. F tests were used to assess the significance of the fixed effects. To assess the risk of first hospitalization or death for MIS or GNRI, we obtained hazard ratios (HRs) with 95% confidence intervals (95% CIs) using Cox proportional hazard models. All covariates (except for categorical ones) were used as continuous variables. MIS and GNRI were included as continuous variables as well. In addition, to clearly show the effect size, we constructed models with subgroups with MIS or GNRI levels greater versus less than their median values.
All statistical analyses were performed using SPSS software (version 16.0; SPSS Inc, Chicago, IL).
Results
The baseline characteristics of the cohort are shown in Table 1 .
On evaluating interobserver reproducibility, MIS exhibited substantial agreement (weighted k=0.62) and GNRI showed almost-perfect agreement (weighted k=0.98) as would be expected ( Table 2 ). The k scores for intraobserver reproducibility were consistent with almost-perfect agreement for both nutritional scores (weighted k=0.77 for MIS and weighted k=0.82 for GNRI). Thus, in evaluating reproducibility, GNRI has an advantage over MIS, especially in interobserver agreement.
The correlation between MIS and GNRI at baseline (obtained by the measurements of observer 1) was strong and negative ( Figure 2 ) in both the univariate analysis (r=20.52; P,0.001) and the adjusted analysis (adjusted for age, sex, presence of diabetes mellitus, dialysis vintage, and history of cardiovascular disease; r=20.42; P,0.001).
During the longitudinal part of the study, MIS exhibited a trend of decreasing with time, with a linear estimate of 20.2260.14 per 1.5 years (P=0. 13 (Figure 3) . Linear mixed models were used to study the associations of longitudinal MIS (Table  3) and GNRI (Table 4 ) changes with changes in nutritional parameters (slopes) over 18 months, including fixed parameters such as age, sex, diabetes status, dialysis vintage, and previous cardiovascular events. Longitudinally, a 1-unit increase in MIS over time, controlling for fixed factors, was associated with an 0.41 kcal/kg per day reduction in daily energy intake (P,0.001) and with an 0.014 g/kg per day reduction in nPNA (P=0.02). Longitudinal changes in GNRI did not correlate with the changes over time in parameters of dietary intake. Longitudinal changes of both scores were associated with the appropriate changes over time in the levels of most of the nutritional laboratory biomarkers and the parameters of body composition (see Tables 3 and 4). Analogous associations were observed between longitudinal changes in both scores and IL-6 levels. On average, IL-6 was higher by 1.39 pg/ml for every 1-unit increase in MIS (P=0.003) and lower by 0.62 pg/ml for every 1-unit increase in GNRI (P,0.001). As shown in Tables 3 and 4, longitudinal changes in hydration status parameters resulted in statistically significant results in the case of GNRI. Therefore, we examined whether controlling for the extracellular water/total body water ratio confounded the association of longitudinal change of MIS and GNRI with changes in dependent variables over time. After the extracellular water/total body water ratio has been added to the regression model, the prediction ability of the scores to detect changes in nutritional and inflammatory parameters remained unchanged (data not shown) except for longitudinal changes in fat free mass that turned to be significantly predicted by MIS changes over time (linear estimate: 20.15 kg [95% CI, 20.24 to 20.07; P,0.001] per 1.5 years). Thus, compared with the concurrent validity, MIS has an advantage over GNRI because changes in MIS over time reflected changes in all areas of nutritional status including dietary intake.
Both MIS and GNRI were significantly correlated with prospective hospitalization, hospital length of stay (r=0.37, P=0.001; and r=20.39, P=0.001 for MIS and GNRI, respectively), and hospitalization frequency (r=0.31, P,0.001; and r=20.41, P,0.001 for MIS and GNRI, respectively). Table 5 lists the HRs and 95% CIs of deaths and first hospitalizations using the Cox proportional hazard models based on initial values at the start of the prospective cohort and the time to death or first hospitalization, respectively. MIS, but not GNRI, showed a strong association with prospective mortality in both univariate and multivariate analyses. The adjusted HR for death for each 1-unit increase in MIS was 1.15 (95% CI, 1.03-1.3; P=0.02), whereas the HR for death for subgroups with MIS .6 increased to 2.90 (95% CI, 1.17-7.16; P=0.02) compared with subgroups who had MIS of , 6 . Both MIS and GNRI demonstrated a significant association with first hospitalization (Table 5) . Thus, compared with predictive validity, MIS again has an advantage over GNRI because it predicts both morbidity and mortality in our study population. Continuous variables are expressed as mean 6 SD or median with interquartile range (Q1 to Q3) for non-normally distributed data, and categorical variables are expressed as a percentage. ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; EPO, erythropoietin; nPNA, normalized protein nitrogen appearance; TLC, total lymphocyte count; BMI, body mass index; TSF, triceps skinfold thickness; MAC, mid-arm circumference; MAMC, mid-arm muscle circumference calculated; TBW, total body water; ECW, extracellular water; ECW/TBW, extracellular water/total body water ratio; FM, fat mass; FFM, fat free mass; MIS, malnutritioninflammation score; GNRI, geriatric nutritional risk index.
Discussion
The nutritional score validation for longitudinal observation should provide the following conditions: its changes over time must detect the longitudinal changes in dietary intake, biochemical markers of nutrition and inflammation, and body composition (concurrent validity). It also must be a good predictor of clinical outcome (predictive validity) and must be easily reproducible (intrarater and interrater reliability). The results of this study indicate that MIS had an almost-perfect intrarater reliability, substantial interrater reliability, and good concurrent and predictive validity. Although GNRI had an almost-perfect intrarater and interrater reliability, it had a lower concurrent validity compared with MIS and a poor predictive validity in our cohort. At the same time, the MIS requires assessment by a well trained staff and is much more time-consuming than the GNRI, which is calculated by a very simple equation (Table 6 ).
This study is the first longitudinal validation of the MIS and GNRI in maintenance hemodialysis patients. Our study showed the same weighted k scores for interrater agreement of MIS as did Cooper et al. Differences in study design included use of different scales of SGA, a different number of observers, and in-person versus web-based training of observers. All of these may explain the discrepancies in the results. Only two published studies measured intrarater reliability of SGA in dialysis patients (21, 23) . The results of our study demonstrated high intraobserver reliability of MIS and our results were closer to the SGA results reported by Visser et al. (21) . The almostperfect intrarater and interrater reliability of GNRI is related to the objective nature of the score. Because GNRI scores are based on weight, height, and albumin measurements, we realized that the discrepancies between the measurements reflect only the changes in weight measurement. However, we introduced k scores for GNRI in order to quantitatively compare MIS and GNRI in terms of intraobserver and interobserver variability.
Many different cross-sectional studies examined the concurrent and predictive validity of MIS (7-10) and All nutritional variables presented above were modeled separately as dependent variables, whereas independent variables included fixed factors (such as age, sex, diabetes status, dialysis vintage, and past cardiovascular disease) and MIS as a continuous variable. The model takes into account every calculation of MIS and presents nutritional variables at each time point separately for each patient. Regression coefficients indicate mean longitudinal change in outcome variables associated with a 1-unit longitudinal increase in MIS, controlling for fixed factors (as mentioned above). MIS, malnutrition-inflammation score; DEI, daily energy intake; DPI, daily protein intake; nPNA, normalized protein nitrogen appearance; TLC, total lymphocyte count; EPO, erythropoietin; TSF, triceps skinfold thickness; MAC, mid-arm circumference; MAMC, mid-arm muscle circumference calculated; TBW, total body water; ECW, extracellular water; ECW/TBW, extracellular water /total body water ratio; FM, fat mass; FFM, fat free mass. All nutritional variables presented above were modeled separately as dependent variables, whereas independent variables included fixed factors (such as age, sex, diabetes status, dialysis vintage, and past cardiovascular disease), and GNRI as a continuous variable. The model takes into account every calculation of GNRI and presents nutritional variables at each time point separately for each patient.
Regression coefficients indicate mean longitudinal change in outcome variables associated with a 1-unit longitudinal increase in GNRI, controlling for fixed factors (as mentioned above). GNRI, geriatric nutritional risk index; DEI, daily energy intake; DPI, daily protein intake; nPNA, normalized protein nitrogen appearance; TLC, total lymphocyte count; EPO, erythropoietin; TSF, triceps skinfold thickness; MAC, mid-arm circumference; MAMC, mid-arm muscle circumference calculated; TBW, total body water; ECW, extracellular water; ECW/TBW, extracellular water/total body water ratio; FM, fat mass; FFM, fat free mass. GNRI (6, 11) in hemodialysis patients. Given the estimates of the regression coefficients in Tables 3 and 4 , it appears that changes of these scores over time were associated with corresponding changes over time in markers of dietary intake (examined by both dietary recall and nPNA calculation), laboratory markers of nutrition and body composition parameters in the case of MIS (Table 3) , and only with laboratory and body composition parameters in the case of GNRI (Table 4) . With regard to dietary intake, information about dietary recall results in different GNRI categories was not included in the previous cross-sectional studies that validated GNRI in both elderly (4) and hemodialysis patients (6, 11) . In addition, serial measurements of GNRI were not sensitive in detecting changes in the nutritional status, including dietary intake, in 106 peritoneal dialysis patients (24) . With regard to significant associations of MIS changes with dietary intake changes in our study, mathematical coupling should contribute to this association because dietary intake is a component of the MIS. One must also consider whether regression to the mean was relevant to the association of changes in longitudinal scores with changes in nutritional parameters (slopes) over time. High correlation ratios between the baseline and followup measurements of MIS and GNRI on the one hand, and the use of the linear mixed model for longitudinal data analysis that models the covariance matrix adjusting each participant's follow-up measurement according to his or her baseline measurement on the other hand, allow for the assumption that the effect of regression to the mean was not high in our study.
In this study, MIS was found to be associated with prospective hospitalization and all-cause mortality. This confirms the results of previous studies in this field (7-9). As opposed to the results of study by Kobayashi et al. (11) , GNRI did not appear to be a useful predictor of all-cause mortality in our cohort. The discrepancy between our results and theirs may be due to differences in the cohorts. The population presented by Kobayashi et al. (11) had a lower BMI. This is reported to be associated with the much lower morbidity rates in the Japanese population, in whom appropriate BMI and obesity criteria are different than that of Caucasians (25) . In addition, the lower sample size of our study precluded us from achieving a significant association between cumulative survival and GNRI in our cohort. Of interest, the observations that both MIS and GNRI change with time are strongly associated with longitudinal changes of IL-6 levels in our cohort. Because IL-6 is the best indicator of an inflammatory response (26) , this in turn represents a powerful predictor of mortality in the maintenance hemodialysis population (27) (28) (29) and this finding can be considered as an additional strength for both scores.
Some limitations of this study should be considered. First, this study is based on a relatively small sample size of prevalent hemodialysis patients from a single center, limiting the ability of our findings to be generalized. Second, this study used only an observational approach, without manipulation of exposure factors. A high dropout rate (18 patients comprising 24% of the baseline population that did not complete the longitudinal measurements) may limit the statistical power of the study. Dietary intake assessed by 3-day food records is another limitation of the study, because results can be subjective and incomplete. Nevertheless, this study has the advantage of providing the first longitudinal validation of the accepted nutritional scores, MIS and GNRI, in prevalent hemodialysis patients.
In conclusion, our findings suggest that in the clinical setting, either MIS or GNRI are valid tools for longitudinal observation of nutritional status of prevalent hemodialysis patients and should be used for this purpose, taking into account both the type of score and its interrater and intrarater agreements. MIS is more comprehensive than GNRI because of its better concurrent and predictive validity. However, one potential problem with MIS is its subjective nature, which reduces its reproducibility; thus, small differences in MIS must be interpreted with great caution. In addition, repeated measurements of MIS for nutritional monitoring should be performed by the same observer. Furthermore, predictive validity of GNRI must be examined in maintenance hemodialysis patients in all major racial and ethnic groups. 
